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Specifications 

1 . Title of the Invention 

Phase comparison circuit 



2. Claims 



A phase comparison circuit comprising: a comparison means (3 1 ) which compares the phase of a read 
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clock (AT) of a first phase - generated by a read clock generating means (30) which generates read clocks of a 
plurality of phases (A/I through Mi) corresponding to a plurality of memory stages so as to read the input data 
written in a memory comprising memory elements with the aforesaid plurality of stages - against the phase of 
write clock M of a first phase for writing input data to the first stage of the aforesaid memory based on a clock 
with the same rate as the aforesaid input data; and a synchronizing means which - using the timing of the read 
reference signal (©) with a prescribed rate which is output by the clock generating means (70) comprising a 
phase locked loop with" a prescribed free-running oscillation frequency and used for accessing the read clock 
generating means (30) - restrikes the comparison result that is output by the aforesaid comparison means (81). 

3. Detailed description of the invention 

Overview 

[Tlie present invention] relates to a phase comparison circuit thai uses the result of the comparison of the 
phases of a data write clock and a read clock to control the output of a phase locked loop with a predetermined 
free-running oscillation frequency and which generates a clock with a predetermined rate. 

The object [of the present invention] is to realize a phase comparison circuit which is independent of the 
number of memory stages or the duty factor of a reference clock and which does not erroneously control a clock 
generating circuit. 

[The present invention] comprise: a comparison means which compares the phase of a read clock of a 
first phase - generated by a read clock generating means which generates read clocks of a plurality of phases 
corresponding to a plurality of memory stages so as to read the input data written in a memory comprising 
memory elements with the aforesaid plurality of stages - against the phase of a write clock of a first phase for 
writing input data to the first stage of the aforesaid memory based on a clock with the same rate as the aforesaid 
input data; and a synchronizing means which - using the timing of a read reference signal with a prescribed rate 
which is output by the clock generating means comprising a phase locked loop with a prescribed free-running 
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oscillation frequency and used for accessing the read clock generating means - restrikes the comparison result 
that is output by the aforesaid comparison means. 

Field of Industrial Use 

The present invention relates to a phase comparison circuit that uses the result of the comparison of the 
phases of a data write clock and a read clock to control the output of a phase locked loop with a predetermined 
free-running oscillation frequency and which generates a clock with a predetermined rate. 

An example of a synchronization process for correctly reproducing a signal in a digital transmission 
method is the stuff synchronization method where synchronization is achieved by the insertion and removal of 
stuff pulses. 

With this method, synchronization is achieved at the side that sends and receives stuff pulses by 
converting the clock frequency by the insertion and removal of stuff pulses using a phase locked loop 
(hereinafter "PLL") comprising, among others, a bufTer memory, read clock, write clock, phase comparison 
circuit and a voltage control oscillator circuit (hereinafter "VCCO. 

In this arrangement, the buffer memory uses a plurality of stages of FIFO memory elements to convert 
the clock frequency by converting serial data into a plurality of parallel data for data writing and by converting 
parallel data into serial data for data reading. 

If is necessary for the said conversions to be done independently of changes in the number of stages in 
the buffer memory or the duty ratio of the clock and to minimize the jitter that occurs during the conversion. 

Prior Art 

Fig. 4 is a block diagram that illustrates the prior art. Fig. 5 depicts the processes of the prior art. Fig. 6 
is a block diagram that illustrates a different prior art. Fig. 7 depicts the processes of a different prior art. 

The prior art shown in Fig. 4 uses memory 1 whose number of stages is five bits. In this example, the 
clock phases that are being compared by the phase comparison circuit 4 are write clock A3 (= Ah/2) of a third 
phase and read clock M of a first phase. 
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The write clock generator circuit 2 generates clocks AT through Ah with n-phases from the write 
reference clock CD which it receives in synchrony with the write data ®. 

The write clock N\ through Ah of the respective phase corresponds to stage n (bit) of memory 1 . 
Similarly, the read clock N\ through Afr of the respective phase which arc generated by the read clock generator 
circuit 3 corresponds to stage n (bits) of memory 1. 

Memory 1 receives write data © as serial data and uses the write clocks M through Ah to convert it to a 
parallel data by separating into individual stages (bits) which it writes and holds. When the data is read using the read 
clocks AT through Ah, the data is converted to and output as serial data. 

The read clock generator circuit 3, the phase comparison circuit 4 and the clock generating circuit 5 form 
a digital I'LL (hereinafter "DPLL"). The comparison result signal from the phase comparison circuit 4 is used as 
the direct current component which is used to change the free-running oscillation frequency which is then output 

as the read reference clock <D. 

The basic construction of the DPLL is such that the phase of an input signal that has been convened to a 
digital signal is compared against the phase of a signal that is output by a digital voltage control oscillator (hereinafter 
"VCO"). The result of the comparison is applied as a control signal to a digital VCO via a digital filter while the data 
is converted to an analog data for outputting as an output signal. 

Fig. 5(A) shows how write data © is converted to parallel [dala] and written. To explain, to write 5 bits of 
data A through E to memory 1, data A is written using the write clock M t and data E is written using the write clock 

A5. 

In terms of the phase for reading from memory 1 , the greatest margin of safest against variability in 
clock phases is provided by starting the read operation at a phase position that is at the middle of the write clocks 
A/1 through Ah. 

To explain, since the timing for writing data to and the timing for reading data from memory 1 are 
asynchronous and the rates are moreover different, if the data write operation to memory I is begun 
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simultaneously with the read operation, there is a possibility that old data may be read. Also if the read 
operation is begun after the data write operation to memory 1 is completed, problems such as the data processing 
time becoming lengthy arc created. 

Therefore, in the aforesaid example of 5 bits of data, data A through E, the reading of data A is started 
when the write operation of data C using write clock A3 is completed. 

The phase comparison circuit 4 compares the phases of the write clock A3 and the read clock M , and 
when the phases match, the level of the output showing the result of the comparison is "0" and no output is 
made; depending on the amount of difference an "H" or "L" signal is output. 

The clock generating circuit 5 uses the comparison result signal ©' to control die period of the read 
reference clock G>. To explain, as Fig. 5(B) shows, the said clock generating circuit generates a read reference clock 
d> whose period is shortened when the comparison result signal ©* is "H," and lengthens the period when the result is 

*:*his means that the phase of read clock M moves back and forth along a time axis about the center of the 

write clock A3 as shown in Fig. 5(C). 

In the aforementioned example of the prior art shown in Fig. 4, if the number of stages in memory 1 is 
changed from 5 bits to 10 bits and the phase comparison position in the phase comparison circuit 4 is kept the 
same as for the 5-bit case, that is, using write clock A3 and read clock M , a variability is created in the pre- and 
post-margin available in read clock M as shown in Fig. 5(D). 

To elaborate, the available pre-margin is 2 bits and the available post-margin is 8 bits. Depending on the 
magnitude of the variability, it is possible that the data read operation results in reading the old data. It is 
therefore necessary to set the phase comparison position at the 6 th phase so that the pre- and post-margin are 
uniform. 

Another example of the prior art shown in Fig. 6 comprises two flip-flop circuits (hereinafter "F.F. 
circuits") 61 and 62 which compare the phases of the write clock M and the read clock M and exclusive OR 
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logic circuit (hereinafter "E-OR circuit") 63 which performs an exclusive OR operation on the outputs of the 
F.F. circuits 61 and 62. 

The PLL that constitute the clock generating circuit 7 in this example integrates the differences in time 
between the time when the phase comparison result signal ©" is "If and the time when it is "L." When the sum 
of the differences reaches a certain value, the period of the read reference clock © is controlled and changed. 

Therefore, with the example of the prior art shown in Fig. 6, there is no need (o change the phase position 
where the comparison is made even if the number of memory stages is changed. Moreover, the duty factor of the 
clock that is used as the reference becomes irrelevant. 

Problems to be Solved by the Invention 

As the foregoing shows, with the example of the prior art shown in Fig. 4, it is necessary to change the phase 
position where the comparison is made whenever the number of memory stages is changed. Moreover, to set the 
position o!'the read clock at the center of the write clock, it is necessary for the duty factor of the compared write 
clock to be 50%. 

On the other hand, with the example of the prior art shown in Fig. 6, even though there is no need to change 
the phase position where the comparison is made when the number of memory stages changes, and even though the 
duty factor of the clock that is used as the reference is irrelevant, since the rising edge of the phase comparison result 
signal ©" is asynchronous with respect to the read reference clock <D, there is the possibility that clock generator 

circuit 7 u ill be erroneously controlled. 

The object of the present invention is to provide a phase comparison circuit that is unaffected by the number 
of memory stages or the duty factor of the reference clock and that will not erroneously control the clock generator 

circuit- 
Means for Solving the Problems 
Fig. 1 shows a block diagram which is used to explain the principle of the present invention. In Fig. 1 
which is a block diagram showing the principle of the present invention, there is provided a read clock 
generating means 30 which, in order to read the input data written in a memory comprising a plurality of stages, 

4 
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generates clocks M through Ah of a plurality of phases corresponding to Ihc memory stages; 81 is a comparison 
means which compares the read clock N\ of a first phase generated by read clock generating means 30 against 
the phase of write clock N\ of a first phase for writing input data to the first stage memory based on a clock with 
the same rate as the input data; and 82 is a synchronizing means which, using the timing of the read reference 
signal ©, restrikes the comparison result that is output by the comparison means 81 where the said read 
reference signal, possessing a prescribed rate and output by the clock generating means 70 comprising a phase 
locked loop with a prescribed Tree-running oscillation frequency, is used for accessing the read clock generating 
means 30 The aforesaid means are provided to solve the aforesaid problems. 

Function 

Comparison means 81 compares the phase of write clock AT with a first phase used as a timing for 
writing data to a memory of the first stage against the phase of read clock A1 with a first phase used as a timing 
for writing data to a memory of the first stage. The comparison result that is output is rcstruck by synchronizing 
means 82 using the timing of the read reference clock which is output by the clock generating means 70 and used 
for accessing the read clock generating means 30. This allows the comparison position of the phase of the read 
clock against the phase of the write clock to be always kept at a fixed position regardless of the memory stage 
number or the duly factor of the reference clock and without erroneously controlling the clock generating means 
70. 

Embodiments 

The gist of the present invention is described hereinbelow. in specific terms using the embodiments 

shown in Fig. 2 and Fig. 3. 

Fig. 2 is a block diagram depicting an embodiment of the present invention. Fig. 3 is used for explaining 
the processes performed in an embodiment of the present invention. The same identification numbers are used 

for the same objects in all figures. 

The phase -comparison circuit 80a of the present invention shown in Fig. 2 is'an embodiment of the 
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phase comparison means 80 and comprises the functional blocks described hereinbelow. As the comparison 
means 81 described in Fig. 1, there is provided the comparison section 81a comprising two flip-flop circuits 61 
and 62 described with reference to Fig. 6 and E-OR circuit 63; and as the synchronizing means 82, there is 
provided the synchronizing section 82a comprising inverter circuit 82b and two flip-flop circuits 82c and 82d. 

In the present embodiment, memory 1 has the same construction as described in Fig. 4. In other words, 
the number of memory stages is 5 bits. The comparison of the phase of the write clocks M through A5 and the 
phase of the read clocks M through A5 is done using the write clock M and read clock M which are both the 
first phases. 

ITie output of the comparison section 81a which compares the said two M clocks is the top signal 
shown in Fig. 3(c) (identified as phase comparison ©") and the result of restriking the said signal in the 
synchronizing section 82a. using the read reference clock (signal) CD is the bottom signal shown in Fig. 3(c) 
(identified as synchronized phase comparison output ©). 

!~he clock generating circuit 70a of the present invention has the same construction as that explained 
with reference to Fig. 7. The clock generating circuit 70a integrates the difference between the time when the 
output of the synchronizing section 82a is "high" and the lime when it is "low," and when the sum of the 
differences reaches a certain value, die said clock generating circuit controls the read reference clock (signal) (5) 
by changing its period. 

When this is done, since the output <D of the synchronizing section 82a is in synchrony with the read 
reference clock (signal) <D, erroneously controlling the clock generating circuit 70a is avoided. 

Effect of the Invention 

As the foregoing shows, the present invention realizes a phase comparison circuit that is unaffected by the 
number of memory stages or the duty factor of a reference clock and moreover will not erroneously control a clock 
generator circuit which generates a reference clock that is used for creating the read clocks. 

4. Brief Fxplanation of the Figures 
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Fig. 1 is a block diagram used to explain the principle of the present invention. Fig. 2 is a block diagram 
used to explain an embodiment of the present invention. Fig. 3 is a figure used to explain the processes 
performed in the embodiment of the present invention. Fig. 4 is a block diagram used to explain a prior art. Fig. 
5 is a figure used to explain the processes performed in the prior art. Fig. 6 is a block diagram used to explain a 
different prior art. Fig. 7 is a figure used to explain the processes performed in the different prior art. 

In the respective figures, I is a memory; 2 is a write clock generator circuit; 3 is a read clock generator 
circuit; 4 and 6 are phase comparison circuits; 5, 7, and 70a are clock generator circuits; 30 is a read clock 
generating means; 61,. 62, 82c and 82d are F.F. circuits; 70 is a clock generating means; 80 is a phase 
comparison means; 80a is a phase comparison section; 81 is a comparison means; and 8 la is a comparison 
section. 

Agent: Patent agent Sadakazu Igeta [Seal of Patent Agent Sadakazu Igeta] 

Fig. 1 Block Diagram used to explain the principle of the present invention 

30: Read clock generating means 
70: Clock generating means 
80: Phase comparison means 
8 1 : Comparison means 
82: Synchronization means 

Write clock M 
Read clock M 
Comparison result output © 
Read reference signal © 
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Fig. 2 Block diagram used to explain an embodiment of the present invention 



1: 


Memory 


2: 


Write clock generating circuit 


3: 


Read clock generating circuit 


61: 


Flip-flop circuit 


62: 


Flip-flop circuit 


70a: 


Clock generating circuit 


81a: 


Comparison section 


82a: 


Synchronizing section 



Write data ® 
Read data <D 

Write reference signal d> • 
Read reference signal CD 

Fig. 3 Figure used to explain the processes performed in an embodiment of the present invention 

(A) Write reference signal CD 

First phase 

(B) Read reference signal CD 

First phase 

(C) Phase comparison ©" 

Synchronized phase comparison output © 
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Fig. 4 Block diagram used to explain a prior art 
Write data © 
Read data ® 

Write reference signal (D (clock) 
Read reference clock ® 



1: 
2: 
3: 
4. 
5. 



Memory 

Write clock generator circuit 
Read clock generator circuit 
Phase comparison circuit 
Clock generator circuit 



Fig. 5 Figure used to explain the processes performed in a prior art 
(A) Write reference signal <D 



Write side 



Write side 



First phase 
Third phase 



Write data 



First phase 
(D) Read reference signal CD 



Read side 



First phase 



Phase comparison output 0 



(C) Write side 



Write side 



Read side 



(D) Write side 



First phase 
Third phase 
First phase 
First phase 
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Write side Third phase 
Read side First phase 
Pre-margin: 2 bits; post-margin: 8 bits 

Fig. 6 Block diagram used to explain a different prior art 

Write data © 
Read data© 
Write reference signal <D 
Read reference clock ® 
1 : Memory 

2: Write clock generator circuit 
3: Read clock generator circuit 

6. Phase comparison circuit 

7. Clock generator circuit 

Fig. 7 Figure used to explain the processes performed in the different prior art 
Write reference signal CD 

Write side First phase 

Read reference signal (D 

Read side First phase 

Phase comparison output 0' 
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(54) PHASE COMPARISON CIRCUIT 
(57)Abstract: 

PURPOSE: To prevent a control error from being given to a clock generating 
means by providing a synchronizing means to restrike a compared result output to 
be outputted from a comparing means by a read reference signal to be outputted 
from the clock generating means. 

CONSTITUTION: The write clock &phiv;l of a first phase of timing for writing 
data in the memory of a first stage and the read clock &phiv;l of the first phase of 
the timing for reading the data from the memory of the first stage are phase- 
compared by a comparing means 81, and the compared result output is restruck by 
the timing of the read reference signal 5 for accessing a read clock generating 
means 30 to be outputted from the clock generating means 70 by the 
synchronizing means 82. Thus, the phase relative position of a read clock against 
a write clock can be always maintained at a fixed position regardless of both the 
number of memory stages and the duty factor of the clock to be standard and 
besides, without giving the control error to the clock generating means 70. 
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